Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2019.20.10.318

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 10 pp. 318-325, 2019

AntE 24 WA 220 87242 1 Bt P A7

=41 2 1 1* sl = 1 =, 1 1
dEE, RYY,, OMG, d=E, 0I8Z, 8Y97|, S, 847
'sENEY YUV ANEHUDL

EELE N PR

The Study on Evaluation Method of Pest Control Robot
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Abstract Recently, research and development on agricultural robots have been on the rise as the interest
in smart farming has increased. Robots used in smart greenhouses should be taken into account with
the working characteristics and growing environment. This study examined cleaning robots developed
through the environmental analysis of smart greenhouses. This study assessed the evaluation method
considering the requirements of the pest control robot applicable to the smart greenhouse. The
performance and quality assessment criteria were established to conduct tests through the requirements
of robots. The required functions and goals of the pest control robot were derived by referring to the
robot-related standards. A driving and working ability test was conducted to assess the performance of
the robot. The driving test was conducted on the driving performance of the robot and the work
capability was tested on the pest control performance. In addition, a durability test was conducted to
assess the quality of the robot. The required factors for smart greenhouse robots were derived from the
test results. The study results are expected be a standard for an evaluation of a variety of robots for
applications to smart greenhouses.

Keywords : Smart Agriculture, Agricultural Robot, Smart Greenhouse, Performance Evaluation, Quality
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Fig. 1. Agricultural Robot applied Greenhouse (Rose)
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Fig. 2. Dimension of the Green House
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Table 1. Specification of Pest Control Robot

Spec. Typel Type2 ‘ Type3 ‘ Type4
Pesticide Supply L?Fg;iilfg Reel hose (Fixed Tank)
Weight | 1200 kg | 150 kg | 250 kg | 450 ke
Working time up to 4 hr
Max Speed | 1% | 25% [ 20% | 15%
Wireless
Communication 100 m 150 m
Distance
Spray Partical 150 ~ |120 ~ 150 80 ~ 60 ~
size(VMD) 200 m (m 120 (m 100 (m
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Fig. 3. Pest Control Robots
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Table 2. Mission & Requirement Analysis
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Requirement | Architecture Goal of Function
Particle Size (VMD)
Sprayer and below 500 im
Pest control nozzle “dhesion Area
Over 70 %
Wate.r Electronic parts P54
protection
Haza%rd Robot S/W Robot con.dmon
warning Monitoring
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Table 3. List of Performance Test

Usual Performance Special Performance

Maximum Speed Mass Flow Rate
Position Accuracy Particle Size
Working time Adhesion rate

Communication Distance Spray range and area
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Table 6. Result of Driving Speed

Az} olc}. 914

WY B7te ASGRHANE AT SEAIETE R Type 1 Type 2 Type 3 Type 4
= No
;r_L‘Et‘oe]‘ —/l\‘ 9»1]\‘:]'[13] E] q?_ lr‘(g 7] Zﬂ'] E—'& 31,]- al Time [Velocity| Time [Velocity| Time [Velocity| Time [Velocity
FEE Farste] FAJE 7€ B10S Ao, o= 1 |4.38s| 1.14% | 2.00s | 2.50% |2.62s| 1.91% |3.08s| 1.62%
2y 20 59 TS 2 %S ojn|stt}. Table 4= B 2 |439s| 1.14% | 2.03s | 2.46% |2.63s| 1.90% |3.12s| 1.60%
7]— -ﬁl—?_‘:]loﬂ EH?}‘_}: Lﬂ_g_o]l:]— 3 14.55s| 1.10% |2.05s | 2.44% |2.61s| 1.91% |3.16s | 1.58%
4 15.03s| 0.99% |2.08s| 2.40% |2.63s| 1.90% |3.21s| 1.56%
5 |4.57s| 1.09% |2.06s| 2.43% |2.61s| 1.92% [3.17s| 1.58%
Table 4. List of Reliability Test ° ° ° °
6 |4.53s| 1.10% |1.96s | 2.55% |2.63s| 1.90% |3.02s | 1.66%
Marginal Test Quantitative Test 7 |4.62s| 1.08% |2.07s| 2.42% |2.60s | 1.92% |3.185 | 1.57%
Temperature Durability of 8 [4.55s| 1.10% | 1.97s| 2.54% |2.62s| 1.91% |3.03s| 1.65%
Controller Test of Driving Life for Pest 9 14.58s| 1.09% [1.95s| 2.56% [2.60s| 1.92% |3.00s| 1.67%
Stability & Shock of Controller Control robot 10 | 4615 | 1.08% |2.04s| 2.45% [2.615] 1.91% [3.155 | 1.50%
Avg | 4.58s| 1.09% |2.02s | 2.47% [2.62s| 1.91% [3.11s| 1.61%
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ce < = Table 7. Result of Positional Accuracy
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d 249 Pyt $ g 7IE02 stk a8 ¥t < (mm) | y (mm) | x (mm) | y (mm) | x (mm) | y (mm)
Al 242 5.0 mY A4 F7 S 1.5 m T4 1 | 877 | 323 | 331 | 70 | 81 19
e e Am S AAsRoIct 2 | -102 ] 408 | -183 | 121 16 24
TS e ARl A A 3 408 | 255 | 124 | -105 | 24 | 02
4 -23.8 86.2 -26.2 -3.3 -1.4 0.9
Table 5. Performance Test Environment Conditions 5 408 37.4 128 108 25 23
6 64.6 -25.5 26.8 3.5 3.9 1.5
Temperature 251_2 ‘C 7 20.4 56.1 -0.6 15.8 243 64
8 -79.9 323 20.1 7.1 -4.8 1.9
Relative Humidity 70£5 % 9 47.6 85.4 163 -20.5 28 22
Pressure 96+10 kPa 10 -34.0 | -105.4 32.2 14.3 -2.0 5.2
Mean 45.0 52.7 19.9 10.5 3.2 2.5
PA 69.3 22.5 4.0

321




A7 =54 41208 A10E, 2019

A5 A7 B4l 7Fs Azloll tigt 45 Bk
A B7gol A AAstelth & ARk S5E 4
71E02 2719 g 2RRlof thalA] XPEHJZM?}%
.E'_XJ_E A]—uo].ﬁoui' 5]1:]] ;(]-04 }\]7},9_
193 B4 7hs AR 9] Afolle 25T %Zﬂ PC =
driele] 541 73t B8l FAAEE S5
t}. Table 82 & A7k} B4l 7FsA el gt

£ A o

L0
o e

DANTECit<] PDA (Particle

Dynamics Analysis) FH|E o]&sto] S st &
g3t Azl W& YRA7E SH5t9oH,
£ g9 A9 10,0007H, FH 150%=2
Table 102

Table 10. Result of Particle size
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A lo}
a3t ol 300 mm | 400 mm | 500 mm | 600 mm
1 bar | 73.69 m 90.29 i | 100.73 wm | 109.20 um
Table 8. Result of working time & Communication rp |2bar| 7004 m | 8480 m | 9572 m | 10236 m
Distance 8002 3 bar | 6440 m | 79.66 m | 89.68 m | 99.46 m
4 bar | 60.29 m | 72.66 m | 82.59 ym | 91.06 im
5 bar | 57.09 i | 68.68 i | 79.66 m | 85.78 m
Trpe 1 Type 2 Type 3 Trpe 4 1 bar | 9652 m | 104.24 ym | 110.85 m | 113.54 m
1 417 4.80 420 437 pp |2bar| 9221 m [ 9916 m [103.90 m [ 10611 m
Working | 2 420 4.83 413 452 8004 |3 bar 81.74 m | 8825 m | 9445 m | 9541 m
Time 4 bar | 7745 m | 81.38 ym | 86.68 m | 86.76 um
(hr) 3 412 452 4.27 4.28 5 bar | 7511 m | 7808 m | 80.55 m | 80.55 m
Avg. 4.16 472 420 439 1 bar | 150.75 i | 155.09 i | 157.21 um | 158.81 m
2 bar | 149.80 i | 153.61 ym | 157.79 wm | 159.72
! 96 104 116 162 TX-4 | 3 bar | 147.00 m | 153.18 m | 153.18 m | 153.18 m
Wireless 2 94 102 108 155 4 bar | 147.16 wm | 151.35 m | 153.43 m | 157.08 um
Distance 5 bar | 145.09 m | 150.22 m | 154.35 m | 154.99 m
(m) 5 “ 108 112 158 1 bar | 19850 m | 201.83 m | 203.64 m | 20367 m
Avg. 94 105 112 158 2 bar | 19555 im | 198.66 ym | 198.18 ym | 200.74 m
TX-6 | 3 bar | 191.73 m | 193.87 m | 196.62 ym | 191.57 m
4 bar | 188.64 ym | 190.72 im | 190.45 m | 186.66 im
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Table 9. Result of Mass Flow Rate

33] ¥Esle] HAZS £235140 Table 9

Pressure TP8002 TP8004 TX-4 TX-6

1 bar 0.49 0.98 0.04 0.07
(kg/min) (kg/min) (kg/min) (kg/min)

2 bar 0.68 1.36 0.12 0.19
(kg/min) (kg/min) (kg/min) (kg/min)

3 bar 0.81 1.62 0.20 0.31
(kg/min) (kg/min) (kg/min) (kg/min)

4 bar 0.94 1.87 0.28 0.43
(kg/min) (kg/min) (kg/min) (kg/min)

5 bar 1.03 2.07 0.37 0.57
(kg/min) (kg/min) (kg/min) (kg/min)
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Fig. 4. Particle Size According to the Pressure & Range
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Table 11. Acceleration Factor & Distance of Test

Acceleration Factor Distance of Test

Type 1 27.04 4.44 km

Type 2 15.26 7.86 km

Type 3 16 7.50 km

Type 4 17.36 6.91 km
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